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Background: Patients with early-onset colorectal cancer (CRC) or those with multiple tumours associated
with hereditary non-polyposis colorectal cancer (HNPCC) raise suspicion of the presence of germline DNA
mismatch repair (MMR) gene mutations.
Aim: To analyse the value of family history, microsatellite instability (MSI) analysis and MMR protein
staining in the tumour to predict the presence of an MMR gene mutation in such patients.
Methods: In 281 patients diagnosed with CRC before the age of 50 years or with CRC and at least one
additional HNPCC-associated cancer, germline mutation analysis in MLH1, MSH2 and MSH6 was carried
out with denaturing gradient gel electrophoresis and multiplex ligation-dependent probe amplification.
MSI analysis with five consensus markers and MMR protein staining for MLH1, MSH2 and MSH6 were
carried out in the tumours.
Results: 25 pathogenic mutations (8 in MLH1, 9 in MSH2 and 8 in MSH6) were found. MSI analysis
missed three and immunohistochemistry (IHC) missed two mutation carriers. Sensitivities of family history,
MSI analysis and IHC for the presence of a mutation were 76%, 82% and 88%, specificities were 64%,
70% and 84%, and positive predictive values were 19%, 23% and 38%, respectively. Multivariate analysis
showed the highest odds ratio for IHC (38.3, 95% confidence interval 9.0 to 184). Prevalence of
pathogenic germline MMR gene mutations in patients with CRC before the age of 50 years was 6% and in
those with >2 HNPCC-associated tumours was 22%. In the second group, no mutation carriers were found
among the 29 patients who were diagnosed with their first tumour after the age of 60 years.
Conclusion: Family history, MSI analysis and IHC are indicative parameters to select patients with CRC for
MMR gene mutation analysis. The data show that IHC is the best single selection criterion.

H
ereditary non-polyposis colorectal cancer (HNPCC) or
Lynch syndrome is a genetic disorder caused by
germline mutations in DNA mismatch repair (MMR)

genes, in particular in MLH1, MSH2 and MSH6. HNPCC is
characterised by the early onset of gastrointestinal and
urogenital cancers, especially colorectal and endometrial
cancer. Synchronous and metachronous cancers are com-
mon, and multiple colorectal cancers can be observed in 20–
40% of people with HNPCC.1–3

Originally, HNPCC was a clinical diagnosis, based on the
Amsterdam criteria I (ACI).4 In 1999, the ACI were super-
seded by the Amsterdam criteria II (ACII), which included
extracolonic HNPCC-associated tumours.5 After the discovery
of germline MMR gene mutations as the cause of HNPCC, it
soon became clear that these criteria were too stringent, as a
large proportion of families carrying germline MMR gene
mutations did not fulfil either ACI or ACII. Consequently,
several groups formulated new sets of criteria to select
patients for mutation analysis in the MMR genes.6–16 The best
known are the Bethesda criteria, published in 1997 and
revised in 2004.17 18 Patients fulfilling one of these criteria
should be selected for microsatellite instability (MSI)
analysis of their tumours. In the case of MSI, a patient
should be offered mutation analysis. Some of the (revised)
Bethesda criteria are based on the family history, and others
are based on the patient’s own history (eg, colorectal cancer

(CRC) before the age of 50 years and multiple HNPCC-
associated cancers, irrespective of age).18 As self-reported
family history is often not accurate, it is important to
recognise potential MMR gene mutation carriers independent
of the family history.19 20

According to the Bethesda criteria and most of the other
sets of criteria, mutation analysis should be restricted to
those patients whose tumour shows a high degree of MSI.
However, a proportion of cancers of MSH6 mutation carriers
were recently shown not to have MSI.21 22 Thus, some MSH6
mutations will be missed using this strategy. Alternatively,
MMR protein staining of the tumour could be a valuable and
possibly a better method of selecting patients for mutation
analysis. Mutation analysis should be offered to those
patients whose tumours show absence of staining of one of
the MMR proteins.10 14 An advantage of this method is that
absence of staining for one of the MMR proteins directly
points towards the putatively mutated gene.

In view of these considerations, we determined the value of
MSI analysis and MMR protein staining in tumours for the
prediction of the presence of a germline MMR gene mutation

Abbreviations: ACI, Amsterdam criteria I; ACII, Amsterdam criteria II;
CRC, colorectal cancer; HNPCC, hereditary non-polyposis colorectal
cancer; IHC, immunohistochemistry; MMR, mismatch repair; MSI,
microsatellite instability
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in a large group of patients fulfilling at least one of the above-
mentioned Bethesda criteria, independent of family history—
that is, colorectal cancer (CRC) before the age of 50 years or
at least two HNPCC-associated cancers. The results were
compared with the predictive values of family history. The
results should enable formulation of rational guidelines
regarding whether or not to offer mutation analysis to a
patient with cancer who is at risk of HNPCC.

PATIENTS AND METHODS
Patients
Patients diagnosed with CRC before the age of 50 years and
patients with >2 HNPCC-associated cancers, including at
least one CRC, irrespective of age and family history, were
invited to participate in this study. On the basis of data
available at the time of initiation of this study in 1996,
colorectal cancer, endometrial cancer, cancer of the small
bowel, stomach, pancreas, biliary tract and ovaries, and
transitional cell cancer of the pelvis, ureter and bladder were
considered to be HNPCC associated. Using the data of the
regional cancer registry of the Comprehensive Cancer Center
North-Netherlands from 1989 onwards, doctors at the
participating hospitals and general practitioners invited
patients to take part in the study and referred them to the
study coordinator. Patients newly diagnosed from September
1997 onwards were offered participation in the same way, as
well as patients who were diagnosed before 1989 with CRC
before the age of 50 years or with CRC and at least one other
HNPCC-associated cancer, who came to our attention for
whatever medical reason. Inclusion ended by December 2000.
Patients gave written informed consent after written and
verbal pretest counselling. Blood (20 ml) was collected for
DNA isolation. A thorough family history for HNPCC-
associated cancers was recorded. Clinical data were reviewed.
Cancer material was obtained and histology was revised.
With permission of the patients involved, medical records of
relatives with HNPCC-associated cancers were collected,
whenever possible, to verify the nature of the reported
cancers. The participating patients were informed about the
results of the genetic test, if they so wished. In such
instances, they received verbal post-test counselling and a
written summary.

Another source of patients was the Department of Clinical
Genetics, Groningen, The Netherlands, where patients were
referred to and counselled if they were suspected to have
HNPCC, from 1985 to December 2000. The referral region of
this department is the same as the area covered by the above-
mentioned cancer registry. With permission of the patients
involved, information on family history and on the results of
MSI analysis, immunohistochemical and mutation analysis
were used for this study. The medical ethics committees of
the University Medical Center Groningen, Groningen, The
Netherlands, and other participating hospitals approved the
study.

Mutation analysis
Mutation analysis of the MLH1, MSH2 and MSH6 genes was
carried out on DNA isolated from peripheral blood lympho-
cytes by denaturing gradient gel electrophoresis, followed, in
the case of aberrant band patterns, by direct sequencing of
independently amplified polymerase chain reaction products
as described previously.23 Validating homemade denaturing
gradient gel electrophoresis systems for more than 40
different genes and testing hundreds of proved variants
resulted in a sensitivity of the electrophoresis of almost 100%
in our laboratory.24 For the detection of large deletions
(exonic deletions or deletions of a complete gene)
and duplications, we used the MLH1/MSH2 exon deletion
multiplex ligation-dependent probe amplification test

(MRC-Holland, Amsterdam, The Netherlands).25 These data,
for cases that had deletions of >1 exon in the MLH1 or MSH2
gene, were confirmed by Southern blot analysis.26

For the purpose of this study, pathogenic mutations were
defined as changes in the gene sequences that cause allele
inactivation either because of the production of a truncated
protein product or because of an exonic deletion or
duplication. Initially, mutation analysis for the three genes
was carried out in every patient, but in the last one third of
patients, mutations in MLH1 and MSH2 were sought for only
those with an MSI-high tumour. As a result, in 60 of the 281
patients, mutation analysis was carried out only in MSH6,
and not in MLH1 and MSH2.

Microsatelli te instability analysis
MSI markers were used as previously defined, including two
mononucleotide repeats (BAT25 and BAT26) and three
dinucleotide repeats (D2S123, D5S346 and D17S250).27

DNA was extracted from formalin-fixed, paraffin-wax-
embedded tumour sections. For MSI analysis, control DNA
was obtained from normal tissue from paraffin-wax-
embedded sections or from peripheral blood lymphocytes
from the same patient. MSI analysis was carried out as
described previously.21 Cancers were classified as ‘‘MSI high’’
when >2 markers showed MSI and as ‘‘MSI low’’ when (1
marker showed MSI. As a limited number of markers were
analysed, the classification ‘‘microsatellite stable’’ was not
used.

Immunohistochemical analysis
Immunohistochemistry for the MLH1, MSH2 and MSH6
proteins was carried out as described previously.21 Protein
expression in normal tissue adjacent to the cancer served as
an internal positive control. The sections were scored as
either negative (ie, absence of detectable nuclear staining of
cancer cells) or positive for MLH1, MSH2 and MSH6 staining.
The staining was scored blinded to the MSI or mutation
status.

Predictive values of different strategies to select
patients for mutation analysis
The variables family history and results of MSI and
immunohistochemisty (IHC) were analysed and different
selection strategies were investigated to determine the
optimal way to select patients for mutation analysis. The
positive and negative predictive values, sensitivity and
specificity of each strategy, and 95% confidence intervals
(CIs) were calculated. In addition, we calculated the same
values for ‘‘referral’’; referral is defined as a patient having
been referred to and counselled by a clinical geneticist versus
inclusion within the framework of the study. For these
calculations, the presence of a pathogenic germline mutation
was the gold standard.

Statistical analysis
For statistical analysis, the x2 test and the two-sided t test
were carried out and p,0.05 was considered to be significant.
The independence of the variables family history, MSI, IHC
and referral for detecting MMR gene mutations was
examined using multivariate analysis with backward selec-
tion.

RESULTS
Clinical data
A total of 281 apparently unrelated patients were included.
Table 1 summarises their clinical data. Table 2 shows the
characteristics of their first-degree relatives with cancer.
Families of 21 index patients fulfilled the revised ACII.5
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However, not all cancers were histologically verified in 15 of
these families.

Mutation analysis
A total of 18 different pathogenic mutations were identified in
25 patients (8 in MLH1, 9 in MSH2 and 8 in MSH6; 25/281, 8.9%;
table 3). All mutations were found in the 252 patients who had
their first cancer diagnosed before the age of 60 years. Of the 17
MLH1 and MSH2 mutations, 15 occurred in patients who had
their first cancer diagnosed before the age of 50 years, in
contrast with four of the eight MSH6 mutations. The mean age
of the mutation carriers at the time of diagnosis of the first
cancer was 42 (range 13–56) years.

Of the 25 mutation carriers, 19 had a first-degree relative
with an HNPCC-associated cancer. Thus, 19 of 111 (17%)
patients with a positive first-degree family history proved to
have a mutation, versus 6 of 170 (3.5%) of the others
(p,0.001). Only 9 of the 25 mutation carriers came from the
21 ACII-positive families. Thus, the sensitivity of the revised
Amsterdam criteria in this study was 36% and the specificity
was 95%. Among those referred for genetic counselling at the
Department of Clinical Genetics, a larger proportion of patients
proved to be mutation carriers than among those who were
directly referred to the study (11/69, 16% v 14/212, 6.6%;

p = 0.018). The mean age at diagnosis of CRC in relatives of
mutation carriers was 47.4 years, whereas it was 63.2 years in
relatives of index patients without a mutation (p,0.001). The
mean age at diagnosis of endometrial cancer was not different
between the two groups (49.2 v 54.5 years; p = 0.138).

Nineteen missense mutations of unknown pathogenicity
(7 in MLH1, 4 in MSH2 and 8 in MSH6) were detected in 18
patients. These missense mutations were not present in 200
healthy Dutch controls. One patient had an MSH6 missense
mutation combined with a pathogenic MLH1 mutation, and
another an MLH1 missense combined with an MSH6 missense
mutation. For the missense mutation carriers, the mean age
at onset of the first cancer was 45 (range 19–65) years. Seven
of the 18 missense mutation carriers had a positive first-
degree family history. As we do not know whether these
missense mutations contribute to the disease phenotype, we
excluded them from the study calculations. The clinical data
on the missense mutation carriers are summarised in table A
provided online at http://gutjnl.com/supplemental.

Microsatelli te instability analysis
Tumour material was available for MSI analysis for 260 of the
281 patients. In 222 patients, only one cancer was available,
whereas two cancers were available in 37 and three in one
patient. Ninety seven patients had at least one MSI-high
tumour. Among these patients, a higher frequency of
mutation carriers was found than among the 163 patients
with only MSI-low cancers (22/97 v 3/163, p,0.001). Three
MSH6 mutation carriers, remarkably all with the 649–650insT
mutation, had only MSI-low cancers.

Table 1 Patient characteristics

Characteristics n Age (years)

Total number 281
Men:women 128:153

Mean age (years) at diagnosis of first
cancer (SD, range) 45 (11), 13–77
Men 128 46 (10), 19–75
Women 153 45 (11), 13–77
Patients referred to the study 212 46 (10), 20–77
Patients referred to the clinical
geneticist

69 42 (11, 13–71

Patients with colorectal cancer at
,50 years

224

Patients with two HNPCC-associated
cancers, including at least one CRC

79

First cancer at ,60 years 252
Men:women 114:138

One CRC 202

Two cancers 60
CRC 26 34
CRC/EC 14
CRC/BLC 7
CRC/DC 2
CRC/STC 2
CRC/PC 1

Three cancers 13
CRC 36 7
CRC 26/STC 3
CRC 26/EC 2
CRC 26/BLC 1

Four cancers 4
CRC 46 1
CRC 36/OC 1
CRC 36/EC 1
CRC 26/EC/BLC 1

Eight cancers 2
CRC 36/EC/OC/UC 26/RPC 1
CRC 66/EC/UC 1

BLC, bladder cancer; CRC, colorectal cancer; DC, duodenal cancer; EC,
endometrial cancer; HNPCC, hereditary non-polyposis colorectal cancer;
OC, ovarian cancer; PC, pancreatic cancer; RPC, renal pelvic cancer;
STC, stomach cancer; UC, ureteric cancer.

Table 2 Cancer diagnosis in first-degree relatives

Characteristics Number Age (years)

Patients with FD relative with HNPCC-
associated cancer

111

Mean age (SD, range) at diagnosis of first
cancer of index patient

47 (11,
13–77)

Number of affected parents* 88 parents
(26both
parents)�

CRC 49
EC 12
STC 12
GIC 4
PC 2
RPC, UC, BLC 10
BTC 3
OC 3

Siblings with CRC 28 (including
1 half-
sibling)

Siblings with HNPCC-associated cancer
other than CRC

14 (including
1 half-
sibling)

Children with CRC 3
Children with HNPCC-associated cancer
other than CRC

1

Patients without an FD relative with
HNPCC-associated cancer

170

Mean age (SD, range) at diagnosis of
first cancer of index patient

45 (10,
19–75)

BLC, bladder cancer; BTC, biliary tract cancer; CRC, colorectal cancer;
EC, endometrial cancer; FD, first-degree; GIC, gastrointestinal cancer;
HNPCC, hereditary non-polyposis colorectal cancer; OC, ovarian
cancer; PC, pancreatic cancer; RPC, renal pelvic cancer; STC, stomach
cancer; UC, ureteric cancer.
*Some parents had multiple HNPCC-associated tumours.
�Five patients had a parent with CRC and parent with an HNPCC-
associated cancer.
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When more than one cancer per patient was analysed for
MSI, a discrepancy between the MSI results occurred in 9 of
38 cases, including three mutation carriers (patients 1, 9 and
25; table 3).

Immunohistochemical analysis
Interpretable tumour specimens for MLH1 and MSH2
immunostaining were available from 209 patients, whereas

those for MSH6 immunostaining were available from 183
patients. Absence of at least one of the MMR proteins was
seen in tumours from 50 patients. Complete IHC results were
available for 17 of the 25 mutation carriers (only these cases
are included in calculation of the predictive values). In all 20
cases with staining absent for one of the MMR proteins,
absence of the MMR proteins was concordant with the
corresponding mutation. Two mutation carriers (MLH1, case

Table 3 Mismatch repair gene mutation carriers their cancer history and family history, and the results of
immunohistochemistry and microsatellite instability analysis

Patient
number,
sex

Gene /
exon

DNA change/
protein change

Cancer/
age at diagnosis
(years)

MSI
H/L

IHC: presence of

FH/ACIIMLH1 MSH2 MSH6

1. Male MLH1 18del( CRC/45 ND ND ND ND +/2

1 GTTATTCGGCGGCTGGA)CRC/49 H 2 + ND P: CRC 42
Gly6FsX29 STC/53 L ND ND ND

2. Female MLH1 c. 380GRA CRC/13 H 2 + + +/2

4 SD destroyed P: CRC/27
3. Female MLH1 c. 860_861insA CRC/46 H 2 + + +/+

10 p. Asn287fsX306 CRC/46 ND ND ND ND M: CRC/80
4. Female MLH1 Del exon 16 CRC/50 H 2 + + +/+

16 EC/50 H ND ND ND M: EC/50 S: CRC/48
5. Male MLH1 Del exon 16 CRC/44 H NI + + 2/2

16
6. Male MLH1 Del exon 16 CRC/41 ND ND ND ND 2/2

16 CRC/48 ND ND ND ND
CRC/48 H + + +

7. Female MLH1 c. 1852–1854delGAA CRC/25 H 2 + ND +/2

16 p. Lys618del P: CRC/36
8. Female* MLH1 c. 1946delC EC/49 H 2 + NI +/+

17 p. Pro649fsX661 CRC/53 H 2 + + P: CRC/72 S: EC/?
9. Female MSH2 Del exon 1–3 BLC/56 H + NI 2 2/2

1–3 2xCRC/58 H + 2 2

EC/59 L + 2 2

10. Male MSH2 Del exon 2 CRC/46 H ND ND ND +/+
2 Out of frame del M: EC/59

11. Female MSH2 Del exon 2 EC/42 H + 2 2 +/+
2 Out of frame del CRC/47 H + 2 2 M: EC/39

12. Female MSH2 c. 759delG OC/42 ND ND ND ND 2/2

4 p. Met253fsX273 CRC/48 H + 2 ND
CRC/62 ND ND ND ND
CRC/65 ND ND ND ND

13. Male MSH2 Del exon 4–7 CRC/38 ND ND ND ND +/2

4–7 Out of frame del CRC/50 H + 2 + P: STC/43
14. Female MSH2 Del exon 11–14 EC/48 H + 2 2 +/+

11–14 In frame deletion of 183
amino acids

CRC/54 H + 2 2 M: EC/43

15. Female MSH2 c. 1835CRG CRC/31 ND ND ND ND +/+
12 p. Ser612stop CRC/53 H + 2 NI P: CRC/51

16. Female MSH2 c. 1861CRT CRC/29 H + 2 ND +/2

12 p. Arg621stop M: RPC/55
17. Male MSH2 Del exon 12–16 CRC/25 H + 2 2 +/+

12–16 Out of frame deletion M: EC/56
18. Female MSH6 c. 649–650insT CRC/59 L + + 2 +/2

4 p. Asp217fsX218 EC/65 L + + + P: CRC/78 B: CRC/55
19. Female MSH6 c. 649–650insT DC/51 L + + 2 +/2

4 p. Asp217fsX218 CRC/51 ND ND ND ND S: CRC/43
20. Male MSH6 c. 649–650insT CRC/41 L + + 2 +/2

4 p. Asp217fsX218 M: BTC/82
21. Female MSH6 c. 649–650insT CRC/45 H NI NI NI +/2

4 p. Asp217fsX21 CRC/53 H NI NI NI M: GIC/68 S: STC/46
8 STC/62 ND ND ND ND S: EC/50

22. Female MSH6 c. 649–650insT CRC/50 ND ND ND ND +/+
4 p. Asp217fsX218 CRC/83 H + + 2 SN: CRC/37 D: EC/55

23. Male MSH6 c. 2672delT; 2674delT CRC/55 H 2 + 2 +/2

4 p. Ile891fsX899 CRC/55 H 2 + + B: CRC/42
24. Male MSH6 c. 3262–3263insT CRC/38 H + + + 2/2

5 p. Phe1088fsX1092
25. Female MSH6 c. 3772CRT 8 cancers� 2/2

8 Gln1258sto p. CRC/77 L + + 2

RPC/63 H ND ND ND

ACII, Amsterdam criteria II; BLC, bladder cancer; BTC, biliary tract cancer; C, DNA changes; CRC, colorectal cancer; D, daughter; DC, duodenal cancer; EC,
endometrial cancer; FH, first-degree family history for HNPCC-associated tumours; GIC, gastrointestinal cancer; HNPCC, hereditary non-polyposis colorectal
cancer; IHC, immunohistochemistry; M, mother; MSI, microsatellite instability; ND, not done; NI, not interpretable; OC, ovarian cancer; P, father; P, protein
changes; RPC, renal pelvic cancer; S, sibling; SD, splicing donor site; SN, son; STC, stomach cancer; UC, ureteric cancer.
*This patient also carried an MSH2 missense mutation.
�Other cancers in this patient were OC/49, CRC/55, EC/57, UC/65, UC/77 and CRC/77.
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6; and MSH6, case 24) were missed when IHC would have
been used as a selection criterion. In 4 of the 24 patients from
whom multiple cancers could be analysed, discrepancy in the
IHC results was found, including two MSH6 mutation carriers
(patients 18 and 23).

Predictive values of family history, MSI, IHC and
referral for presence of a mutation
Table 4A shows the sensitivity, specificity and positive and
negative predictive values of the different variables to predict
a mutation. Calculations are based on data from the 174
patients from whom a complete set of variables was available.
Similar calculations were made for MSI and IHC after
preselection based on family history (table 4B) and for IHC
after preselection based on MSI analysis (table 4C). The
predictive values were also calculated for the three protein
stainings separately (table 4D).

In the multivariate analysis with backward selection, a
positive family history and negative staining of an MMR
protein were found to be independent variables. The variables
‘‘referral’’ and MSI-high phenotype are not independent
determinants. Absent staining of an MMR protein showed
the highest odds ratio (table 4E).

DISCUSSION
This study was conducted primarily to define parameters that
can reliably predict the presence of MMR gene mutations in
two specific groups of patients with CRC suspected of having
HNPCC—that is, patients with CRC before the age of 50 years
and those with a CRC and at least one other HNPCC-
associated cancer, irrespective of age. The main conclusions
that can be drawn from this study are as follows.
(1) Immunohistochemical staining for the MMR proteins

MLH1, MSH2 and MSH6 is the best single method to select
patients with CRC, suspected of having an MMR gene
mutation, for mutation analysis. (2) The low prevalence of
MMR gene mutations in patients with CRC below the age of
50 years justifies preselection by IHC and/or MSI analysis
before mutation analysis is carried out. (3) The occurrence of
>2 HNPCC-associated cancers in patients aged >60 years is
rarely due to germline MMR gene mutations.

Recently, five large studies were published that also
focused on the relative values of MSI analysis and IHC to
detect potential germline MMR gene mutation carriers.7–9 11 28

The conclusion from all five studies and from several previous
studies was similar to that from ours—namely, IHC is at least
equally valuable for this goal as MSI analysis. There are,
however, several differences between our study and the other
five.

In three of the studies, immunostaining for the MSH6
protein and mutation analysis for germline mutations in
MSH6 were not carried out.8 9 11 Although less prevalent in
typical AC-positive families, our results suggest that MSH6
mutations occur at about the same rate as those in MLH1 and
MSH2 in a less selected patient population. In the study by
Hampel et al,8 mutation analysis for MSH6 was carried out
only in patients whose tumours showed MSI (low or high) or
who were considered to be at high risk for HNPCC on the
basis of clinical criteria and whose tumours lacked MMR
gene expression. Although, probably, most mutations were
detected by this approach, some MSH6 mutations could have
been missed. Only Southey et al7 carried out IHC for MSH6 in
all tumours.

Stormorken et al28 included only patients who were referred
for genetic counselling. This may have influenced the
resulting predictive values. The same is true for the sensitivity

Table 4 Predictive values

A: Predictive values (% and 95% CI) of the variables first-degree family history, MSI analysis, IHC analysis for the MLH1, MSH2 and MSH6 proteins and
referral to clinical geneticist to detect germline mutations (n = 174)

Sensitivity Specificity PPV NPV

Family history 76% (53% to 90%) 64% (56% to 71%) 19% (11% to 29%) 96% (91% to 98%)
MSI analysis 82% (59% to 94%) 70% (62% to 77%) 23% (14% to 35%) 97% (92% to 99%)
IHC analysis 88% (66% to 97%) 84% (78% to 89%) 38% (24% to 53%) 99% (95% to 100%)
Referral 29% (13% to 53%) 90% (84% to 94%) 24% (11% to 45%) 92% (87% to 95%)

B: Predictive values (% and 95% CI) to detect germline mutations after preselection for a positive first-degree family history (n = 70)

Sensitivity Specificity PPV NPV

MSI analysis 59% (36% to 78%) 90% (85% to 94%) 40% (23% to 59%) 95% (91% to 98%)
IHC analysis 76% (53% to 90%) 95% (90% to 97%) 62% (41% to 79%) 97% (93% to 99%)

C: Predictive values (% and 95% CI) of IHC analysis to detect pathogenic mutations after preselection for MSI-high tumours (n = 61)

Sensitivity Specificity PPV NPV

IHC analysis 71% (47% to 87%) 89% (83% to 93%) 41% (26% to 59%) 97% (92% to 99%)

D: Predictive values (% and 95% CI) of immunohistochemical stainings of MLH1, MSH2 and MSH6 (n = 174)

Sensitivity Specificity PPV NPV

MLH1 80% (38% to 96%) 89% (84% to 93%) 18% (7.3% to 38%) 99% (96% to 100%)
MSH2 100% (57% to 100%) 96% (92% to 98%) 45% (21% to 72%) 100% (98% to 100%)
MSH6 86% (49% to 97%) 93% (88% to 96%) 33% (16% to 56%) 99% (96% to 100%)

E: Odds ratios for the presence of a germline mismatch repair gene mutation, calculated by multivariate analysis with backward selection for the variables
first-degree family history, referral, MSI and IHC (n = 174)

p Value OR 95% CI

Family history 0.013 5.4 1.4 to 20.0
IHC 0 38.3 9.0 to 184
MSI 0.207 2.5 0.6 to 10.2
Referral 0.263 0.4 0.1 to 2.1

IHC, immunohistochemistry; MLH, MutL homolog; MSH, MutS homolog; MSI, microsatellite instability; NPV, negative predictive value; PPV, positive predictive
value.
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and the positive predictive value of the Amsterdam criteria,
which can be expected to be high in a selected population like
the one studied by Stormorken et al. We observed that only 9
of 25 mutation carrier families fulfilled the revised
Amsterdam criteria. Also, Hampel et al8 found only a small
minority (3/23) of the mutation carriers’ families fulfilling
the Amsterdam criteria.

A limitation of many studies on this topic is that selection
criteria are compared with each other, without establishing
the gold standard—that is, the presence of mutations—in all
participants. This is also true for four of the five studies
mentioned above. Although the assumption that all patho-
genic mutations of MLH1 and MSH2 lead to MSI can be well
defended, a proper calculation of the sensitivity, specificity
and predictive values requires a true gold standard. We
carried out mutation analysis for all three genes in the first
two thirds of included patients and did not find any clearly
pathogenic mutation in MLH1 or MSH2 in patients with MSI-
low tumours.

The value of IHC depends partially on the quality of the
nuclear stainings and the experience of the pathologist.12 The
results are sometimes not interpretable because of absence or
low intensity of the nuclear staining in tumour and normal
cells.29 Mangold et al30 described the phenomenon of weak
nuclear MLH1 staining in tumours of patients with MLH1
mutations, which can be observed as false-positive staining.
Experienced pathologists should be able to recognise these
tumours with weakly positive MLH1 staining as tumours from
possible MLH1 mutation carriers. On the other hand, MSI
analysis gives difficulties as well. The quality of tumour DNA
isolated from paraffin-wax-embedded tumours may be poor
and not usable for MSI analysis. Although seldom mentioned,
interobserver variation also occurs when scoring MSI. About
15% of sporadic colorectal cancers show MSI and MLH1-
negative stainings as a result of hypermethylation of the
promoter region of MLH1.31 Table 4D shows that MLH1 staining
has a low positive predictive value. The consequence of this is
that more patients will be screened for MLH1 mutations with a
negative outcome than is the case for the other two genes.

Apart from IHC and MSI analysis, we also evaluated the
first-degree family history for HNPCC-associated cancers as
an indicator of an MMR gene mutation. As expected, most
mutation carriers had a first-degree family member with
such a tumour. Nevertheless, 6 of the 25 (almost 25%)
mutation carriers had a negative first-degree family history.
This indicates that family history alone is an insufficient
indicator of being a mutation carrier and we should not rely
on it alone when deciding whether or not to carry out
mutation analysis. We further calculated the predictive
values for combinations of family history, MSI analysis and
IHC. Although the specificity and positive predictive value
both increased from this, the sensitivity decreased markedly.
Therefore, when a patient fulfils one of the criteria used in
this study, IHC or MSI analysis should be carried out without
further selection. Both MSI and IHC analysis are proper
selection tools, but when the family history raises high
suspicion for HNPCC, both methods should be used to avoid
missing mutation carriers.

Terdiman et al32 noticed that referral for genetic counselling
because of the suspicion of hereditary cancer was an
independent risk factor for the presence of an MMR gene
mutation when compared with population-based patients
with CRC. We could not confirm that finding, although we
also found a higher prevalence of mutations in patients
referred to the clinical geneticist. A positive family history in
most of those referred to a clinical geneticist is probably the
determinant of this finding.

Our group of 224 patients with CRC at ,50 years of age is
the largest group so far reported in a single study. Most of

these patients were referred specifically to participate in this
study, whereas a minority had been referred to a clinical
geneticist because of a perceived high risk for hereditary
cancer. All patients came from the same geographical area
and had their tumours diagnosed in approximately the same
period. We therefore think that this group can be considered
representative of all patients with CRC before the age of
50 years. Pathogenic mutations were detected in 14 of the
224 (6%) patients. MLH1 and MSH2 mutations were
identified in 11 (5%) patients. This is similar to the findings
of Pinol et al11 and in accordance with prevalences of 0–12% in
other small, otherwise unselected groups of such patients.33–38

Owing to the low mutation frequency, it is, in our view,
justified to carry out only mutation analysis in such patients
if a screening by MSI analysis or IHC analysis suggests a
mutation.

This may be different for people with >2 HNPCC-
associated cancers, including at least one CRC. In this group
of 79 people, we did not find any mutation in the 29 patients
who had their first tumour diagnosed after age 60 years (19
of these had only CRCs and 10 had CRC and at least one
other HNPCC-associated cancer). It is therefore questionable
whether such patients should be screened for HNPCC and
thus should be included in the Bethesda criteria. However,
our group of patients was still rather small and further
studies should be conducted before an age criterion for these
patients can be confidently introduced. Nevertheless, when
this subgroup is excluded from consideration, mutations
were found in 17 of 50 patients with >2 cancers, of which at
least one was diagnosed before age 60 years. Such a high
occurrence may justify direct mutation analysis, without a
prescreen for MSI or IHC.

Recently it was reported that the mean age at diagnosis of
CRC of mutation-positive relatives of probands, identified in
a population-based study of patients with CRC, was
61.2 years, much higher than that reported so far for
mutation-positive people, which is about 45 years.39 It is
striking though, that the mean age at diagnosis of the
probands in Hampel et al’s39 study was 44 years. As patients
in our study were collected irrespective of their family
history, a similarly higher age at diagnosis of CRC in the
relatives of our patients might have been expected. This was
not the case as the mean age was 47.4 years. The fact that we
did not find any mutation carriers in patients with >2
cancers, all diagnosed above age 60 years, also does not
support the findings of Hampel et al39. Hence, their findings
need confirmation in other populations, before any change in
counselling practices is considered.

Only 8 of 25 supposedly mutation-carrying parents had
CRC at the time of the study. Most of these 25 parents were
older (>70 years) at that time and it was not expected that
many of them would still develop CRC. This observation is in
accordance with recent new calculations on the CRC risk in
HNPCC—that is, 26.7% and 22.4% for men and women,
respectively.40

A limitation of our study is the number of patients for
whom a complete set of variables required for the calcula-
tions was available (n = 174). Although smaller than the
populations in the studies by Engel et al9 (n = 1119) and Pinol
et al11 (n = 287), we think that the number of patients in our
study was large enough for reliable calculations. Another
limitation might be the fact that we have missed mutations,
as we included only the major HNPCC-related genes in our
genetic screening. Mutations in other MMR genes, such as
PMS2, cannot be ruled out.41–45 Furthermore, we did not
screen for mutations in the regulatory sequences (such as the
promoter regions) of MLH1, MSH2 and MSH6, nor did we look
for genomic rearrangements in MSH6.46 47 However, as such
mutations probably represent only a small proportion of
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disease-causing MMR gene mutations, this will not markedly
alter the estimated prevalence of germline MMR gene
mutations among patients with CRC. Finally, we cannot
exclude survival bias in our study. Patients with MSI-high
tumours have a better prognosis than those with MSI-low
tumours, and, as we included some of the patients retro-
spectively and inclusion for the study required a blood sample
for mutation analysis, the real mutation frequency might be
somewhat lower.

The equal or even better potency of IHC to recognise
patients with an MMR gene mutation does not apply to the
detection of missense variants of currently unknown
pathogenicity. In our study, 5 of 18 patients with such a
variant had an MSI-high tumour, whereas IHC showed
normal staining of the protein, corresponding with the
variant gene, in all 14 cases where IHC was available (table
A provided online). For some of the known missense
variants, the evidence for pathogenicity is strong, but for
most of them this is questionable. Functional assays of
these variants may elucidate their pathogenic potential, but
these have not yet been developed to a stage of routine
application.

In conclusion, this study confirms that IHC staining for the
MMR proteins is the best single method to select patients
with CRC, suspected of having an MMR gene mutation, for
mutation analysis. Such selection is mandatory for most
patients with CRC before the age of 50 years, in view of the
low prevalence of mutations in those patients. The value of
genetic analysis in patients with multiple HNPCC-associated
cancers, all occurring above age 60 years, is questionable.
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Answer

From question on page 1780
The gastrograffin enema shows leakage at the level of the

splenic flexure of the colon.(fig. 1) The computed tomogra-
phy scan shows a 1068 cm well-encapsulated hypodense
multicystic mass of the tail of the pancreas containing gas
(fig 2).

Splenopancreatectomy with en bloc resection was carried
out on the left colon and part of the stomach. A terminal
right transverse colostomy was also performed.
Histopathological examination confirmed the presence of a
mucinous cystadenoma of the pancreas in contact with the
colon, with no signs of malignancy.

The patient was admitted, 3 months later, to restore
intestinal continuity. Local recurrence or distant metastases
was not evident. She was seen 7 years later in apparently
good health; abdominal computed tomography scan was
normal.

Cystic neoplasms of the pancreas are acquired tumours. We
distinguish the serous cystadenoma, also known as micro-
cystic adenoma, which is usually benign, from the mucinous
cystic neoplasms which encompass a spectrum that ranges
from benign but potentially malignant lesions to carcinoma
with a very aggressive behaviour. Complications arise owing
to either vascular or visceral compression, or biliary and
pancreatic fistulas. These lesions can be easily misidentified

as benign cysts such as pseudocysts or simple pancreatic cysts
and are often mismanaged as a pseudocyst.

This is the first case of a pancreatic mucinous cystadenoma
with a fistula in the left colon described in the literature.
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Figure 1 Computed tomography scan of the upper abdomen showing
a 1068 cm well-encapsulated hypodense multicystic mass of the tail of
the pancreas containing gas.
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